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(54) LIGHT-EMITTING SEMICONDUCTOR ELEMENT 

(57)Abstract; 

PROBLEM TO BE SOLVED: To provide a high 
performance GaN series of light-emitting compound 
semiconductor device which has very few crystal 
defects and distortions, and facilitates the manufacturing 
method and has a good yield. 

SOLUTION: A cyBndrical structure 12 with (10-10) m 

surface on principal surface of a substrate 1 1 as the 
side is formed perpendicular to the principal surface of 
the substrate 11. GaN series of nitride semiconductor 
laminations (InAlGaN series of a nitride compound 
semiconductor structure) 13, 14, 15 and 16 with at least 
one p-n junction are provided on a partial or overall side 
of the cylindrical structure 12, and electrodes 18 and 17 
corresponding to p-type respectively for injecting 
current into the lamination structure 13, 14, 15 and 16 
are formed. By injecting current into these electrode 18 
and 17. light- emitting regions of the InAlGaN series of 
nitride compound semiconductor structures 13, 14, 15, 
16 emits light, and the bght is emitted in directions Rl 
and R2 which are perpendicular to the principal surface of the substrate 11. 
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-5^**:5g7t^?lctJI,>T. S«±S±tc. (10-1 
<Dp-n S^^^tyG a N3^gfl:1^¥»{*a^;^jgA^a 

s^n, G a N3^ML%ii^<*a^«jS(c«sii*iiA-r 

SCfcfciD, »«±ffii:Siio:75lpjK:j^*%>)tB^n 

§ c t ^#®fc-r«^|i«i*^Bfe«?o 

2 ] W^a 1 fE«^0i|^«^*;|€)^^^c*5V^ 
t; tdfSStgtt. (0001 ) Cfi^±ffii:-r5-9-7 r-f 

[W*^ 3 ] 1 IB«©^i^ftfg7t«? ^i:*5^,^ 

BUteSStt^ (0 0 0 l)Cffi^±ffii:-r-SGaN5S 

tc. m 1 <D»«s^^-r« G a mm{mmwa±ic 

fiE$ti> c m.^m Lxm i oh^og a N?Rgfb^ 

&mjt(DmnMiimi(ommiv&i:). mm 
m(om.mim<o-'m\ m^mrnmmmicn^m 

[000 1] 

[^(omt^m^m :i^mmii. ovoffl. cd 

[000 2] 

[«¥*©Sffi] Sf*, «e©L E Dli^^m&<DL E 
I n A I G a N?^fb^iNI»^fflI/\ F-z^Vh 

i: LTM g ^ h'-fLrcmmoprnmrnm^n 

[0 0 0 3] 0 1 4 (4:^ rjapanese Journal of Appl 



ied Physics vol. 34(1995) p. L1332~L1335J te^^tl 

T^^s I n A 1 G a mit^mmt^m^'^rcm^^^ 

t- K( L E D)©»Tffi0T*S. 

[0 0 0 4] 01 4©LEDa, ■9-77''l'7(A 1 zOa 
#^B^)*^e>*S 1 0 0~3 0 0 /imOaffi 1 0 1 ±1C 
nS<OGaN5:if*^ea-5<gig^^y7rJil 0 2i:. n 
S©GaN«103i:. />K-7'©1 nyG aci-y)N 

(0<y<i)&i:*^e>%^jgttei 0 4i:, pSAlx 
Gao-xjN (0<x<l)5:^*^C>5:S/^';7gl 0 5 
10 pSGaN;5:ffA>8*^+^-y:/«l 0 6i:!b\ W 

mm{t^m.mis.mmiUT. mo c v dis 

[0 0 0 5] ^LT, C<oa»?nfciiiSlf*ff«0-SI5)!)< 

x>y^>^/{CJ:OKS*nT®/liU/cnSG aNMl 0 
3±lc. nfiWSl OS^'Sjgfig^ns 4^^"y7"g 
10 6±{C, pfflWffil 0 7*^Jg^^n. cntcioT 

LEDA^jB^^nri^-So 

[0 0 0 6] S/c, 0 1 5 rjapanese Journal 

of Applied Physics vol. 35(1996) p.L74~L76j tC^ 
20 ^nTV>^J:'9:Q:M^§)tSU-if^^f ;i— F(LD)0 

[0 0 0 7] 01 5<DLDtt. 01 4<DLEDtll:g| 

^yr-iTik 1 20»*i^S)*^5S:5 1 0 0-3 0 
0/ini<DSfil 2 2±ti:. nS^©GaNi5:HA>S:Q::5{g 
S/^y7rg 1 2 1 nM©G a N*^6)*§laS/^-y 
7r»12 0i:, nSl nyGaci-y)NSl 1 9fc. n 
Sl(OA I xG aci-x)N (.0<x<l)mi I 8t. nS 
GaNSl 1 7i:, yvF-^cDI nGaN MQW^ft 
if*^P>^-5SttM 1 16i:. pSAlzGaci-z>N (0 
30 < z < 1 )« 1 1 5 i:, pSG a N» 1 1 4 i:, p^A 
luG aci-u)N (0<u< l)gl 1 St, pSG aN 

mfiE-h^^rji^^^yymi i ztt>\ mocvdssic 
[0 0 0 8] ^LT. c(Dmm^nrz.^m¥m-^')-ji^ 

«§§«ffil 2 4*^fi8$n. *e.»c, X'yf-y^ffcJ:*) 

Mflib/clgg>'^y7r^l 2 0±Kn«m@l 23*^ 
fig^n. t/c. ^^-yT'lll 1 2±tCpffliM<ll 1 1*^ 

40 [0009] 01 6tt. #P^¥07-20232 

[0 0 1 0] 01 Q<ommv-'9^^t-m.. ■9-7 

7-r7»«l 3 1±IC. iIS$/c:a-'^y7r^l 3 2^ 
Al^ft;'&fS|iNM*((A lxGaci-o)yI ni-yN(0<x 

^1. o^y^i))*>e.&^aM?nfc#M/gi 3 3, 

1 3 4. 1 3 5. 1 3 6i:, ^SM®^±Ml 3 6tCS 
^mZ'W^^iiiXtzmxWmi 3 8 4:, ■9-75"f7S« 

» tcjg^^nfcTA: 1 3 1 A»c*3<,''T^«HosaiLfc«T 
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u miwmi sstmzmmi 3 9t^ti^<Dm 

O^SMl 3 3. 1 3 4. 1 3 5. 1 3 6^T±t^;^ 

m^u wm 1 3 8. 1 3 9 tmrnr^ysmcu-'f^ 

COO 1 1] ctD*i*Wtc. 01 6<?)ffi^U-1fiSr>f 
:t-FTti. -9-77^7S«l 3 ItDCl l-2 0)ffi 
(aM)±tC, A 1 N/^y7T^l 3 2. nMGaNiil 
33. nSAlGaNMl34. GaNg14gl35. 

pSAIGaN^13 6. S i 02» 1 3 7 J^^^tl 
T4ot). S iOzMl 3 7 ±IZ I mm 0<DMff^rm^ 

StUt/cpSA 1 GaNSl 3 G^ffitCA 1 1 
3 8:6W^^n. S/c. -9-77-^7*^1 3 1 tDSffi*^ 
Imm^O^T^j^F^^X^y^y^lCctoTlFltte, 
n^GaNiil 3 3;?)'^MtH^n. niyGaNSl3 
3S®C A 1 1 3 9*^Jgfig$nTV>^o 
COO 1 2] S/c. 01 7ii. 1fP«1¥0 8-307 00 

[0 0 1 3] 01 7£Offi||3teb-^f^!'^;i— Fa. Jfeif 

1 4 1 t«i8$n/c:ll 1 ««S*^A^e,:&;5m 1 ©3 
>^5f >7 1 4 2 S 1 ^»^¥»i4:!!)^^!5:SS 1 <D 

^5>y Ksi 4 3t. sisMi 4 4 mzmmi^ 

m^^rj::s,m2<oay^ifvmi 4 6 fcjbm^taw* 

xm^ttu m 1 o^^^-y Fs 1 4 s^mts 1 4 1 o± 
mmifcnmiEti^iiviic^ mony^^FBi 4 6k 

?Ll 5 2*^St?P.n. C(D?L1 5 2rttfct/^T. mo 

>y F» 1 4 3 cosffi±{c^ 1 (omm 1 4 9 
^n. $fc. co^iosMMi 4 9i:Mip]LT. mz 

t/i, ^lony^^Mi 4z<omtimtmmt 

4 l<D±ffi±ti:nS;i--=->^»@il 5 

ommttu ^tz. mmi4 8, mzosmn 4 
7 ±ici,i pmt-^y^mmi 5 1 jb^jg^g^nfctot 

coo 1 4] *»)*tt:«tC, 01 7<DTOtL^1f:5^-l' 
>i— FT'«. ■9-7r^7S«l 4 1 rtO-gplCiSI?|^- 
OW^fc^SJc^tCfgjS^nfcnSG aNny^ri^ FH 
14 2±tC, nSA 1 G aNi'^-y F^l 4 3, Gal 
ngftai4 4, pS!A 1 GaNi'^'y KJil 4 5. p 
SGaN3y^?i^F«l 4 6. AlNi:AlGaNf:© 

Coo 1 5] CCT-, Ga I nNgttSl 4 4(i. nS 
A I GaNi'^'y FSl 4 3, p^A 1 G aNi'^'y F 
11 4 5tJ:<toT05SnTtJ»). cntCJCoT. A I G 



a N/G a I n N©^fr;l/^-rD;PjiAn}ggg;f ^^-j-^^ 

COO 1 6] ^tc. i&mi 4 8«. v-yr^rmmi 

4 1±tc, nSA I GaN^5-y Fll 4 3*^e)p^¥ 

CO 0 1 7] $/c. 1 4 8<D±®±{*tti. 

^«:SI>f^l 4 7^/J-LTpSGaN3>'^f:>Fgi 
10 4 6t:i--= y^zi>^i'F-r SJ:^{cpS:t-5-yi' 
a^l 5 lA^fig^nri^^o $fc. n^A l GaWi^ 

7 >y Fa 1 4 3 $Z'Mmnm 1 5 zmnttix\^^ 

5o ^/fcx r»aPgPl 5 2rt©nSA 1 GaNi^^<yFS 
1 4 3(0BD^#{Cfi. Z r O t S i Ozi^oaM^jiti: 
J:*SI«<*a*^e>*SS*fai 4 QTb^fiJt^nxl/^So 
Sfc, nSGaNHiy^fi^FH 4 2fc:i--5-y^':3>' 
^^ht^^dic^yr^jmrni 4 1 (Offi^mca, 

-y 1 5 0*^fgfig?nTl.^^„ 
CO 0 1 8] C<7)ffi^^-1f^-i':i--FT'tts p^^i- 
20 -=>y^'«ffil5 1. nS;j— =>y^mi SOKlca 
E^aiiDU nSGaNn>^^FSl 4 2tpS'Ga 
N:3>^^ FS 1 4 6 i:OP^{c^i;s«8it*'5ifiOLt 
tMi^S^LSt. SI4II1 4 7. 1 4 9{Cj;0«18^tl 

rem'' u-^yt tLxmn^i dz^KiUkmR mmic 

coo 1 9] 

ClgB^*^m Let 3 t-r^SIS] iijdiO J; 9 (C. 

G a mcomi^mm^ii. ^mmm. ^mmt 

[0 0 2 0] L*^b^*^?., G a N?^f[:-^^*^*t-9- 

-i'7»fi±icag$nfeG a ^^mt-^mmmmm^ 

TI/^So GaN?g{k-&%i|i«^t:ttii^i OOO'C 
CO 0 2 1 ] C(D<k5:&^B^B^|i(6^^*5:ftt. 

CO 0 2 2] tfc. 9Sffi5B^¥«#IM^?. mtf 

i:GaNl^fb^iti|»i*aS«JitT% ^O'NtP^O;^ 
[fi)*^S%S /c*, G a A s Mt'^mmmif. o text 
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[0 0 2 3] Lt^LUm. Gatimt-Bm^H^X' 

rmiAcmjv. ^mfinmmm^ K^^fx.y^yy 
[0 0 2 4] t^ic. mi 50ii^iii^mm^{*- 

/-Co 

[0 0 2 5] s/c, mi Aoiiormmm^i^m^ 
m^-^^t^^ormmz'\,t. mimm^m.^. le 

[0 0 2 6] S/i. 016. 01 7 <DX'}rs.mm<mw 
[0 0 2 7] ±iEOJ;9^iJa5(DG a N?^{k 

[0 0 2 8] j;t)fti*^<){c. i^mm. se*offifW 

L E D J: ») feMtft^$l5< -rS C fcOWtl^r^l^f*^ 
[0 0 2 9] S/c. *5gB^«. -y-^ri-TS^iSrifO^S 

[0 0 3 0] S^c, m^<DWm.V-'^(DSi 

mk=i-^mikt^ct^mti,x\,^^o %rc. *fp^ 

[003 1] 



K:. 1 IBSO^KBtt, G a N?S^{t^i}i»f*©« 

tc. (10-1 0)m3D^ffliiSfr57^lia4^M5g<D^ 

^ < ^1 p - n g^^r^tf G a N^gft:t|iji||{* 

®!S%aA-rsci:lcj:»)> a«t±ffii:Sil07?|pjK:)fe 

CO 0 3 2] Sfc. n«fl2IEfc©|gB^li. 1 |g 
«(D^t^f*58^t«?tcfcl^T> ButeS««. (0 0 0 1) 

[0 0 3 3] n^asieeofgflstt. w^aite 
mo^mwmmi-\c^\^^x. m^mt. (oooo 
cs^iffit-rsG a n^{m^wx^^z. 

[0 0 3 4] f fc. W*«4fEic<0^,g(i. m^-m. 1 7i 

20 sM*a3<ov^-fn*^-ati:se«oit^5B^?{cte 

V>T, »«±(i:{4, ^i(0«|«ia:&Wr^GaN?^gft 
G a N3^g{k!li|i»««±K:K«<*)S!b^m^n. KSI 

m.wmn-mz.\,i. w, i cd»«siog a nim\m^ 

[0 0 3 5] 5 KKtO^^tt. W#«4fS 

±.w>hi)^cmxm}&ti^x\^^^c ii^:mkt ltv-'So 
[0 0 3 6] $fc. m^^Qwmmmt. si*:^4fB 
m<j^^m^^m=i-\ni3\i^x. mmmm\i. mm 

[0 0 3 7] tfe. il*a7tB«cD|gB^(i. W*a4fB 
[00 3 8] 

m^^xwmt^o m i tt^issBic^s^ii^if^su^^ 

Bfffi^feS, 01. 02mB§fSt. cn^WWt 
Sfil l<D±ffi±te. (10-1 0)mffi^{BlJffi 
i:-rsai^«Jti 2A% »Ki 1 
*aT:feD, ^(^miW&l 2tD{iM(D^fe5t/Hi-95 
tti. 'Pfi<ti>l-O(0p - nS^^^tf G a N?^gft 

» «3^ii^»i4^)^]g( I n A 1 G a mmitwmmm 
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13. 14. 15. 1 6*^^41, c<omm 

iil 3. 14. 15. 1 6K:«3it?rftA-rSfti6<Dp 
I n A 1 G a N3^MtKl^i*a««jg 13. 1 

4. 1 5. 1 Goymmmi^u m.Lrcmi. m 

«1 l(D±ffii:ail(D73|D]R,, RaCjSSffi^nSdR?? 
[0 0 3 9] ^>jmWmiC. StSl ICti. •9-77l'7 

1 20iM<D-gPtt(l 0- 1 0)mS-e$t). C<D(1 
0- 1 0)mffi±ti:. nSA 1 GaNi'^'yKfil 3. 
InGaNg14»14. pSM G a N^5>> KB 1 

5. pgiGaN+-v>y7'Bl 6Am>:««^nTl^So 
[0040] ^-LT. pSGaN+Y-yT'ai 6©«i5 

CH-gPK. N i / A u piimis 1 stw^-^ti 

TV^5. $/-c> nSGaN(OS«:^jil 2«. ^O-gP 
A^SmLTfeOs C<?)SmLTI/''«gi5^^tC. Ti/Al 
*^P>^5nlBI«1il 7*^^^fi!^^nTV^?,„ ^LT, <1(?) 
W1S17, I 8lcWM.^iiXt^CttCii-:>X. InG 
aNgffiil 4*^^t, f6^Lfc^«g14Sl 4rt^ 

»i6U «5i i<o±ffitcj*Lait*;^riRjRi. Ratcjft 
W?tai.o T^b-^. ccD^wmm^li. »Ki 1 
0±ffii:SiS:&(6j{cj»i^#|Jg;S:Wb. »Sl l<D±m 

[00 4 1] ^43. 01. m2(D^^mwmm'P^ci5\^^ 
Xs An^!tm»^ 1 2 H V P E x^ Lfdmc. 

(10-1 0)mffi*^T'«J:-5lcK5'f'x>y^>i^T*Jg^ 

[004 2] C<DJ;^IC, Aftai^«3gl2a. HVP 
ET-fiaSLfemtCd 0-1 0)m®*^T-S±^lcK7-r 

WMmiZli. VPE. MBE. MOCVDSIIT'^B^B 

1 2^figft-r^i:ttRitgT'fe-5„ ^cojjgfi&s^saiitt 

[0 0 4 3] tfc, A^ltt««iil 2<0ffl!lffiC:©«?n 
p - n S^^^tf I n A 1 G a N?^g{k%¥«f*3«S 
«ai3, 14. 15. 1 6t±. MOCVDT-figH-rS 

cfcA<T*tSo ^svHi. mmmmi 3. 1 4. 1 5. 

1 6«s VPE. HVPE, MBE'rmX^PB^mt^ 

ctmmx$>o. immmicm^^n^iiOxii 

[0 0 4 4] Sft. ±j&<mX'li. WRlltLX.^ 
tf. I n A I G a Nl^gftS^iii#(*. '>U3>. MgA 

1 2O4. G a A s m<om.^^-r^ c t t>^mx'& 



[0 0 4 5] 0 1 . ^ZCO^^m^'^Xit. ( 1 0 

- 1 oymm^mttmummi ztf'Ws. \ 1 <o± 
mtmrncm^atx. mmm&i 2©iiano^fes 

'>S<i:«.— OOp-ng^i&^tfGa 
N?^gfk?^i|i||i^^«iil 3. 14, 15. \Qt,m 
ii^n. GaN3Sg<ktl*^i*«M«jgl 3. 14. 1 

5. 1 6»citij«t«raA-r«<ifcicj;»)^ Ga\i%mm 
10 ¥«^tcasii3Si 3. 14. 15. 1 Qcymmx'^ 

(mtf. nivmm^^jiLxi-'^'t&m 1 4)^^u 

Sfil l0±ffii:Sit©:35rlq]Ri. RztcJtfiStHl^n 

xmmc^^miiitmk(ommM^\cit'^x. ^<o 
mm (^(Dmm)^^ < -r-s c t *<t-# 

[0 0 4 6] ^tc. 01. 02(D4^i*fS^?m 
ttl^c^Ji 1 2 cOiMT-a^^S ( 10-1 0)niffilc G a N?^ 

mmmmmmmi 3, 14, 15, 1 e^igsse 

30 [ 0 0 4 7 ] 0 3 ii:^mm^s^m^mm=?'(om(D 

mx'&^o 03. mA^mt^t. cco^mti^mm 
^{i, mi. mznmi^mm^ic^^^x. w&n 
\)mooo Dcm^^mtr^^yr-fTtrji-DX 

[0 0 4 8] j^tjmmnc. 03. B4<DeiJTHi, ■9-7 
ri'7(0 0 0 1)»«2 l±fC. nSGaN<DAIItt« 
«>g2 2*<fl5^$nTV^%o i:(Dtt4^«jg2 20{Sffi© 
-gl5«(l 0-1 0)m®T'*?), uOCl 0- 1 0)mffi 
« ±tc, nSA 1 GaN^^'yF«2 3. InGaNgIt 
»24. pSA I GaNi^^-y KS2 5, p^GaN+ 

^yfrnzG i)mkmmti\x\^>^o 

[0 0 4 9] ^SfC, a«2 l±tC, t/-c. «B«i3g2 
3. 2 4. 2 5, ZGCOmmiC. Sfc, nSGaNOS 

ikmmz 2<D±mci,i. s 1 0212 gA^ita^nri/^ 

§0 ^UT. COS i 02«2 9(4. pSGaN+-^«y 
7'M2 6©Sffi<D-gPf:nSG a NOateWjg2 2(D± 
gi5(0-SPT'?LAWe.nx CcD^LtcioT. pSGaN 
yfMZG <om&t n SG a N 2 2 ommttm^ 
50 tTl-'So 
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[0 0 5 0] ^■UT> C<omiiiLtc pmc a N^^y-/ 
Ji2 6<DS®»C{i. N i/Au*^t,4§pffl!imS2 7*^ 

[0 0 5 1] COmffiZ?. 2 8tC«Jil^aA-r'5Clt 
{CioT. I nGaNrS14ffl2 4A^U ^LfcJ^ 

[0 0 5 2] 03. S4(0i^^SI^*^!^^^Cfc^,^ 

ft«^Jg 22 a. H V P E T*^ L/c^t. ( 1 0 
- 1 0)inffi*^T*-5J;9{C F^-Yx-y^y^-T'Jgfijt^n 

So 

[0 0 5 3] CODi^t, /^fkmmi&Z 2l,i. HVP 
ET-J^L/c^{C(l 0-1 0)mM*^-e«.fc3t K^'l' 

^^^3i2 2ti, VPE. MBE, MOCVDimX'^Pe 

[0 0 5 4] tfc. Aftatt«ji2 2(D«!)®tca«$n 
S p-nS^^^t? I n A 1 G a NlSg{bt|iii«fi»«« 
^3g2 3. 2 4. 2 5. 2 6liM0CV DX'lSMt^C 
tti^X'^^o feSVHi. «S«jS2 3. 2 4. 2 5. 2 

6«VPE. HVPE. MBEiimx^^mrict 

[0 0 5 5] 133. mioyiiiimw^m'i'xu. mu 
mz<D^i^mftm^izi3\.^x. w&zki i)t)\ 

(000 1) CS^±ffit■rS^t7r^'7i::Q:-^Tio^)^ 
(0 0 0 l)Cffii:(l 0-1 0)mffii:{ifiET'feS© 
T% Ell. 02Oi|i»«:^RBt«?<DS(l«tCi!init, -y-^T 
-Y7 affile a A sUtDSS^jS^TS^ttk^T. 
»«±ffi(cSlt^(l 0- 1 0)niffi*>^*-5<Bi)S%JfO 
Afttt4^ji*J;0«SKm8f5ci:*<7?t. »lgO 

ffit^ii^ftd 0-1 o)mffi*^&^i.iijs%ifoA^a 

mxt^mmmmm^(^\zYcr^. ^^axs*^ 
5, Vy^s.'y9y':/xmx'<D^@^o<Dis.T^m?L^ 

[ 0 0 5 6 ] 0 5 7 b^'^^O-glJ*^ 



[0 0 5 7] 05. 06. mi^pmt^t. C(0^ 

S«(l 1)*K0 00 l)Cffi?:±ffifrSGaN^g|k 
m^rn^C I n A I G a N3Sg{t!^iN»#) i:)S:-3TV^ 

[0 0 5 8] i:i)MWmc. 057!)S07(D0im4. » 
m<DnSlGaN(0 0 0 1)S«3 l±fC. S i Oail 
3 9ti^imttlX\i^Zo C(DS i OzM 3 9 iZlilLii^m 
10 ttenr, nSGaNSSS iaffi*^StiJLTfe!?. C 
OEtllLfcnSGaNS«3 KffitC, nSGaNOA 

mmmz zm&^nx\.^^o 

[0059] C©S««jt3 2<Dffii|S<D-g|5{i(l 0- 

1 0)mffiTfeO. C(D(1 0- 1 0)mffi±fC. n^'A 
1 GaNi75-y KM3 3. InGaNgtt^34, pffi 
A 1 GaN^^5'yF^35. pSG a N++-yy»3 6 

ifmMcimttixi^^. 

[0060] ^UT. pSG a N+^-yy)i3 eoSffi 
(Ctt. N i / A uA^e.^§pfflijm<i3 7*^fig?nTI/^ 
20 ^^t, E5T*{i. nSGaWatSS l±k:. 0 

6, 07a)«ii^#-rs^«cig^^?*mR 
v-y-y^mmittrix. riy^m^tLxm^t^tixts 

J:«D#g-, nSGaNaiR3 lcDKtilC«. Ti/ 

nfflyms3 8(i. ^'iffDiii^iitcSBt^^T'rtaoaffit 

[006 1] tfc. pSGaN^-V^y^MS 6(DSffit 

m^nfc p mmm 3 7 f*. #^ (o^i^m^m'^'xn 

iLTfeD. C(Dpiya@3 7fi:fflSiK«jJit:g:aA-r-5 

M3 4 *^^U 5g3l£t/-C7^tigtt« 3 4 

»«3 lO±ffifi:^tLfijt:^[R]R4lcSJ[«$n<5J:'5f£: 

[0 0 6 2] msnmrnKD^wmmi'ic^i.^x. 

±j&(OmXit. »E3 1 tLX. »«tt<OnSGaNS 
«%fiMtfc*\ 057!)S07<Diii^»^BteJg?T'{i, 

« [0 0 6 3] {iU J:aofJ©J:dU:S«3 1 i:LT« 

w&wm:^t^ctx\ wsi.3\<Dwm\iimm^m 
m&ic^^t^yy'^ y^^x-mm^ctmrntrji^o 

iffiiStt(0tcD;&^-r5^lCl:fc-<(»tS3 10a 
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[0 0 6 4) A^i^Vmm3 2ii. HVPET-fig 
mhtc^iCi 10-1 0)mffi*^T*S<J:^t K^'l'xy^ 

3 2tt. VPE. MBE. MOCVDiS^T'^S^ftU 

CO 0 6 5] t/-c. t^nmmms zom^icmmfEti 

^p-n^^-^tS I n A 1 G a N^gfkl^ili^lfiaii 
«jt3 3. 3 4. 3 5. 3 6{iM0CVDT'^-r-5C 

i;*^T'#So h^i^ii. wmmm3 3. 34. 35. 3 

6«VPE. HVPE. MBEffiiFT-*SafiEg-r-5Cfc 

[0 0 6 6] m5nmm7(o^mi^mtm=i'Ti,i. 

3 1f}\ (000 1) Cffi^iffit-r^ G a Nl^gfktl* 

mt?>ctx\ m^tfs:^mm&3 3. 34. 

3 5.36 ta«3 1 fc<Dlg?m fil^SSfl^^Oii 
!|^14^avt<DlC-r5Ci:*^T't. 03. m4(0iidK 

«3 1 i:tt««ig3 zo^^m'pmmmicj;: 
■:>x. ^(mmicimtn^mBmm3 3. 34. 3 

5. 3 6<Di^S1t?,^^»C|pl±U ?^{C«?0^tt?r 

[0 0 6 7] -r^&t)-^. ^3. m4(D^#mftm^x 

(10-1 0)m®cJ^B^afi!cS-rS©T\ Sfi^^<7)1g?^ 

(D^mwrn^m^xHi. t^\c. »«3 1 ttt<^«)g3 
2 (Dts?^iaM^r^3i#S{Mtc ct xi^^Brnmrnm 
^•t?>mi<Dmxmmitnx. ^<ommicmm^ni> 

a««jg3 3, 34, 35. 3 6©J|gB^a14fe?e>fC[6l± 

[0 0 6 8] t^it. ^5n^m7<o^w^^=fx 

«i. Sffi3 1cO±ffiA\ (0 0 0 l)Cffit:acoT*3»7, 
(0 0 0 DCffitd 0-1 0)mffii:«^jtT'S§<D 

iCit^ (1 0-1 0)mffi*^P.&Sffl!lSi*«.oAftS« 

tc. i^FB&s^^ti^mxh^rcib. cn^imiR^ 

mOi-oX. ft^StcSB^d 0-1 0)mffiA^5)% 



X >y f - y ifmmmx'Af^ti.^mm^mmt -5 o»c jt 

-rSCttolHgt^Os F^-^x-y^yyiST*©*® 

^ t) ©{ftT^fli^ S c i: *^T'# S c i: tcfeSo 
[0 0 6 9] 08{i*^»£«^«i|i«lf*SBia??Ofl6O 

[0 0 7 0] ms. md^^r^t. c(d^w^ 

10 fg^tt. SS4 1 (Diffitm 1 (D*^© I n A 1 G a 
m 1 OMWrno) I n A 1 G a N?^g{k!^¥Slf4:g 5 0© 

mrnimmt^nm^-^ri. ^(oii^mLxmKDm 
mi<D I n A 1 G a NjkmitV!ii^mim^m±i,cm i o 
I n A 1 G a mmim^m»mmm4 2 

[007 1] CC-r\ ai^«Ji4 2(Dffii. P«i*M4 

LTV^^o ^LT. C(DtiVmm4Zi,i. S^g4 1 (D± 
ffitcSfiT( 10-1 0)mB^lP.iJDSi:-r57^fta««Ji 

©WfficD'>^< i:t( 1 0- 1 0)inffitD^gP$>5</Hi- 
gPlCfi, I n A 1 G a N^SIktl¥a«*oaS«jt4 

3. 4 4. 4 5. 4 eti^mm-^nxi^^^c 

[0 0 7 2] mm.^itx-r^rciif>(Opm. nmic 

mtfc«1S4 7, 4 8*^?gfiSc?nT*5f3. i:omiS4 
7. 4 8*^e.aS«ji4 3. 4 4, 4 5. 4 6tC«?5S* 
30 l^Xt^CtlcaO. WBmm4 3, 4 4. 4 5. 4 6 

(ommm'^m^u ss4 i(D±si:fiit:Q::^ri^Rs 

[0 0 7 3] mrm. ms, mso^^mnimm'f 
li. m^4i ±tc. m 1 ©j»«a^#r§ g a N^gft 
5 0 $ e.(c. ^ 1 co^ms^w 

■r-5 G a N^gfkfel^f*! 5 0±.lcmnm 4 9 A^Jg 

a n^mm^mwm 5 0 cD«ffi{c?ij»t ^tla^m^ 
tu cofL^ffltTm 1 cDJiwsoG a ^iimim^ 

40 «i:ii5 0(DSffiK:ft4^3i4 2*<Jgfig^nT«5?), CO 

mm&4 2<r)mwmm\<DmmixhK). a 

4^«j§4 2cD««ffliJ(DjSfficO-gi5*^ RBi*ll4 9 0« 

[0 0 7 4] 08. 09(Dg>|T-«, (0 

0 0 l)Cffi^±ffii:-r^-9-77'l'7»E4 l±lc, n 
SOG aNS5 Oib^iMS^n, •?-<D±lcS i O2B4 9 
tl^im^nXisO. COS i 02»4 90-g|5C. nS 
GaNS5 0«S(ciiJ^;S.7L*^}gfig$n. ^(OH^M 
LTnSGaNH5 0Sffi±lCni^GaNttl^«ji4 2 
50 A^JgfigSnTO^So 



13 



(8) 



1^¥l 0-32 1 9 1 0 

14 



[0 0 7 5] CCr\ tt««®4 2(Dmi. S i OzM 

moe^oy-mt. s i 02»4 9«E±$T*«*m 

Lrmzf. S i 02^4 9(DgffiKSLTl^5„ 
[0 0 7 6] C(0mmt4 2{i. W&4 1 SffitSil 

•pd 0-1 o)mffi^fi!iffii:-r-5^fta<*«3i-efe»). 

ft«^jg4 2©fiiMteJ:t>*±ffi{c{4. nSA 1 G a 
7-yHM4 3. InGaNjStt«4 4. pSAlGaN 
i'^ -y K» 4 5 . pSG a N=^^-^ 4 6 *^R{f M 
O C V DtCioTlii^taW^ nT(/^-5o 
[0 0 7 7] ^LT. pSGaN+^<y7'«4 6©affi 
{ca. N i/Au*^e>:4^pfiijm4 7*^^^nT</> 

(DS i 02^4 9(D-g|5(cafLA^^ttenTnSG aN 
»5 OA^StBLTfef), C<DgP^i-tCT i /A 1 fi^^H^ 
nmWm4SimmiEtlXl^^c C<Dfm4 7. 4 8ft 

«gSt*)±A-r^ilfcC<i;f). I nGaN}S§^4 4C0fg 

[0 0 7 8] E8. ia9C0^fi£^JlC*5I.^T. S««3i4 
2tt, G a NSS 0±lC S 1 02*4 9^)^Lfc^ 

§ft^x>y^i/^-(Cj:!5, S i O2M4 9{C7^^fl5<D?L 
^Wlt. c:o?Llcj:»3Smb/'cGaNM5 0±fc. 

mx-mimc n sg a N^igp^figfiLTj^fig-r^ c t *^ 

T'tSo <l(D^<DfiSc«t<DJ^ttt±. (10-1 0)maT' 

miLxm. mm(mi4 ioym)tsA^mt 

ymH. S i OzS 490i:C5T'< Iftl/c^iSfC^ft 
trj:t>%. A^ltt««3t4 2{i, S i O2JI4 9K 

[0 0 7 9] CC»«:^[6)lc«ScftLfcAfttttt«3g4 20 
S i O2II4 9±tC«*^t±ltfcgP^a. »E4 1 tcDiS 

fex 7^iitt^^«jt4 zommx'h^i 10-1 o)mffl± 

{caS*nS5l5t®lgEi:5:««^:^ji4 3. 4 4. 4 
5. 4 6fe»«4 1 i:cDlS?SSS^|KiEg?S#ISMli:ct 

[0 0 8 0] ^k. ms, msnrnmixHi. m^mm 

i:*SMSjg4 3. 44. 45, 4 6«>Si02«4 
9k:fi?L«:SP^^«, •9-77l'7»fi4 KDiS. -rS^? 

•^(0 0 0 l)Cffit¥WC^5(DT% 08, 09CD^ 



[0 08 1] Ji^cO&IJT-tt. a^«Ji4 3, 4 

4, 4 5. 4 6%MOCVDT'^U tfc. »S4 1 
tLXli. ^77-f7^mLX^^^i)\ WS.4 1 i:L 
Ttt. -9-7r't'7(0*^t)DK. I n A 1 G a N^^gltltf 
4^{4s (1 1 l)i/'ja>, (1 1 l)MgAl204. 

( 1 1 1 )G a A sm(omi^mmt^ctmmx$, 
10 [ 0 0 8 2 ] s fc, ij^mmxit. f^nmrnm 4 2 * 

#»aT-Jg^1-Si:Lfc*^ ^»jS<D*^fet»{c. HVP 
E. MBE, MOCVDj4^T-7^;ftS««ig4 2*i^B^B 

t fsMmmm 4 2 ©±gi5^ c ©c-r § c i: t oj^g 

[0 0 8 3] C<DJ:7(C. 08. 09£O*jit*;5l7t*? 
T-«. Stt«ii4 2cOS«<|lJ©j£ffiO-a5*V Sltt^ 

4 9affitctt*aibT)gfi)c*nT4oD. c(oitmmm4 
2<ommim4 9±(Dii3j.mLrcssi^i,i. astcots? 

^^^mc<\,^cox\ mkm^A zcDf^^B^^m±t 

T'^5(l 0- 1 0)mffi±tC«»^nS^g)t^ft?t:5:« 
aB1»)i4 3, 4 4, 4 5. 4 6 »«4 1 tcOlS^ 

[0 0 8 4] sfc. ett^ia4 z<Dmm.im4 9±tca 

30 *mL/-c8|5^^<D^f*ffli4 9«ffiKSLTV>Sa55!j-{i. 

«f*isi4 9gffi*^4 KoiMicmfx-w-mx-hn 

IS. ^^im4 2©JK®fe»K4 1 ©±®tTOT-¥a 
t^-So CKDCtfi, att^3g4 2<0{iMT-feS(l 0 

-1 o)mm±icmmiti^mmmtt3:^mmmm4 

3. 4 4. 4 5. 4 6(DBI«»^4 9«ffittgLTV^« 
ji4 3. 4 4. 4 5, 4 6tCOV>Tt. »R4 1(D±B 

[0 0 8 5] t/fe, 0 1 Ott*^lc#;5iN»f*^6JtSR 
^OftkO^J^^-r^tia 01 IttHl OOA-A' tl 

» [0 0 8 6] 0 1 0, 0 1 1 ^mtri>t. c<o^mw 
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[0 0 8 7] iiijmwmc. 010. 011 co^fiin 
jfeH^T-ti. (0 0 0 1 )Cffi^iBi;-r«-9-77i'7« 

[0 0 8 8] ca)S i 02l5 9CD-gi5tca, nSG a 
n a N« 6 OSffi±(C n SG a NSWWjg 5 2 !b<}^ 
[0 0 8 9] tt^^«Ji5 2©S«, S i OzJiS 9(CF^ 

a ibnmjiomxtx'h *> > s^^Wit 5 2 os«ffi!iojs 

E©-g|5a. S i 02^5 9gffi±$T'ti*aiLTJ£ 
t>\ S i 02^5 gSffilcSUTl^So 
[0 0 9 0] <:©tt««Ji5 2 li. »fi5 1 ilBltSit 

x\ mmm\ 0-1 om®. ±m(±mwcm. 

(S 1 02B5 9aS±{i:{i*^mLTg^UTV^§e*^«ji 
5 20ffi)*^CSt:Q:oT</^-57^^att«JiTfe«o 
[00 9 1] ^LX. i&mms Z<09miCli. nSA 
I G aN^^>y FiiS 3, InGaNgM5 4, 
A 1 G aN^'^-y Kg5 5, p^G a N+-V>i':/«5 6 
AmtfMO C V Die J:oTliiAlcaS^nTl.>«o 

[0 0 9 2] ^LT. at>cMjfi5 2mm<D-m<opm 

GaN+-v>y:/a5 60affilC{4. Ni/AuA>^)&S 

7.hv^yim^fibx\.^Zo t^c. »K5 i±{cag 

$n/in^GaNM6 0±(OS i OzBS QcD-gPtCfi 
?LAW^nTnSGaNS6 0*^Sl±JLT43t). CO 
^^KT i /A 1 *^^5:«nffl!im5 S^^^^tlTV^ 

[0093] i:©mS5 7. 5 8fC«}Jg;&aA-r5ilt 

mt-h^i^&trji-ox. u-^mmu mtWRSKo 
[0 0 9 4] 0 1 0. 011 ©«ifi8ff!iicfet>T, mm 

ji5 2«. 08. m9(DmtmmiC. GaNS6 0±lc 

./i:GaN«6 0±fC. #|iaT\ SjRWlCnSG a N«- 
Bmts (10-1 0)mffiT'HSti;^cAftttt:&5o C 

^mt^tdb. tt««jS5 20Tffl!l{±, S i OzMS 9 

jg 5 2 a. Si ozM 5 9 iicmLxm:f5mc tfigft-r 
5. COS i 02»5 9icmt^fsnmm&5 2 ©as 



i>fi. ■9-77"t'78«5 10±ffi-r%tJ-&(000 DC 

a i: Wfc^soT'. T^fttt^^c^ija 5 2 o( 1 0 - 1 0) 

mffi±K:|WSn-5^«ji5 3. 5 4. 5 5. 5 6<D 

S i 02«5 9{cS-rSgP^^fe(0 0 0 l)Cffit^;5o 
[0 0 9 5] $/c. T^ftSi^^PJas 20±ffitC01,^T 

oSSS. 5 4, 5 5. 5 6^Afta««jt5 2±(cag 
■r^t, «B«ja5 3. 5 4. 5 5. 5 60±®||lJ(DiS 

4. 55. 5 6)?r)B/S-pt«» -r^toS. «Si§ffi* 

cmict^ctifX'^^o 

[0 0 9 6] CC0<fc3fC, 010. 01 KD^mt^^ 
m^XHi. 08. 09^Di|i#{*|iBtm?^c4oV^T. a« 

m^<Dis.^t±s^ti)'^cmxm^ttix\>^^(Dx\ 

T*t. »«5 l<Diffifcfiit^;?5r[RlR6. RytcJte^aiW 
[0 0 9 7] 0 1 2{i*^tC«5i|ia«*^etJ!??Ofi 

[0 0 9 8] 01 z^mtr^t. ccD^m^mm^ 
(i. 01 0. 01 i(o^mi^^m^ici3\,^x. Sim 

M(5 9)*\ iSKW57-tLT«Jie$nTl^5Ci:«: 

[0 0 9 9] iOm^WK:, 01 2<7)4^»f*5g7ieig?T' 
(0 0 0 Dcm^^mt-r^^yy^TW^e 1 

nSG aN 7 0*^aM*tlT*50. ^0±tCT i O 
30 z/S i 02^»)i*^e.^::51gfi*f/l6 9*^^nT</^ 

[0 10 0] tbX. C<DiSSWM6 9<D-a5tC(i. n 
SGaN»7 0^ffilcSiM-rS?L*^^$n^ ^0?L^ 
jibTnSG a N)17 OSffi±tCnSG a Nft««ig6 

[0101] at>c«ji6 2osa. issiifse 9^i:F?3^^ 
?.nft?L<DS^u±•^?fet), mmme zoym.^ 1 irao 

If. nsMmesmsic^Lx^^^o 

40 [0 10 2] COa««jg6 2a, a«6 1 ODiffitcS 
ilT% ffliJSAKl 0-1 0)mffi, ±ffi(±g|5)*^Cffi. IS 
S(SSIt®6 9«ffi±Jca*imLTS^LTV>5g5)*^C 

[0 10 3] ?-LT. tt*c«3i6 ZOMmiCli. nSA 
1 GaNi'^-y F^6 3. 1 n G a NjgttM6 4 . pS 
A 1 GaN:>^-y F16 5. pSiG a N^-\' -y :/g6 6 
*maMO C V DfC J:oT)l»^Ka»$nTI/-'So 

[0 1 0 4] ?-LT, /Nfttt4^c«ji6 2©iBllci<D-fficD 
pSGaN+-^-yya6 6toaB(Cfi. Ni/Au*>e> 
» &Spffl!l«8i6 7*^^$nTl>So =5:43, COSffie 



17 



(10) 



I^Wl 0-3 2 1 9 1 0 

18 



SSStlfcnSGaNg? 0±<DS i Oz^eQO-gP 
icttTbbWt&nnSG a N»7 0*^BliJLTi30. C 

[0105] COmffi67. 6 8lt«ai«:aA-r^<lfc 
tcj;»), I nGaNjStta6 4©IM«*^U C 

St*^ttiSg§i:ftoT, Ix-ifimu 7t{i»g6 1© 

to 1 0 6] 0 1 2<m,m\\c^\^x. et^sjie 2 

(i. m 0, 01 li:|B|«tt, GaN»7 0±lCi§S« 

9tA^I»tO?L^P^tt. C(D?LtcJ:DSU3L/cGaNji 
7 0±(C. #»aT\ SS^WlCnSGaN^ig^B^mt 

(10-1 OmffiT'ffltnfcT^ftSt^So il©7^ftS 
tt«)g6 2«. CfflBElpJbTiisO^ »«ffi(»ffi6 1© 

fc46, a^^^jfi 6 2 cDTffliJti. KSWM 6 9 © t d 

iSSI4e6 9C^bT«l;^lR]»C'E,«ft-rs„ CCOBKI* 
P6 9K^-r«AftS««ifi6 2tOgP5^a, ■9-7r-l'7 
1 CDiffi, -r:&b-^(0 0 0 1 )Cffit¥tTC^^ 
<DT\ A^at^ajfie 2<D(1 0 - 1 0)inffi±{caS^ 
n%)Mff^6 3. 6 4, 6 5. 6 6<Dig^€6 9(C 
g^f 5^^?>(0 0 0 l)Cffi^:&^o 
[0107101 20^i^^l7le«?T'{i. 010.0 

tSo iJa?. «fi85®ti:st!fa'&n-x^'i/^--r 
- >y 7^»gi ^ ^o^g^cs*^M^M«^ eic^ 

03-x-fyi7XTt^ftOT% ffl>«?©5^-y7'^l^"y:/ 
h 7 -y ^ o >/c 012 <0^i*:^«?T' 

sl>^M^f••yy»si■r^B^[^o'^7x/^7•^■b;^T'^gfi)c 

[0 1 0 8] S^c, 01 3a*^^lC«5^ft^l3t^ 

01 2(Dimimm=pic^i^x. 
[0 10 9] 01 3<oim¥^m^-e 

li. (000 l)Cci^±ffii:-rs-9-7r-f'7»ffi7 l± 
tC, nS©G a N 8 OH^mM^tX. ^<D±lCT i Oz/ 
S i 02^«M)b^5*?.ig5l^g7 9*<al^^^Tv^ 



[0 110] C(D;gS*ig7 9(0-gP{Cti, nSG aN 
H8 0affitC?J^-rs?U^Jg«*n, *<D7L«:iiLTn 
SG a N»8 0«ffi±tC nSG a NftKflBt? 2*^fiR 

[0 111] St»c«3i7 2<0g«. iBlgWHT 9tcr»8t^ 
^nfc?LOgJ.)U:T-feD, S««ii7 2©S«7 IffljO 
l£fficD-gpa. SSI^S7 9«ffi±^T'tt*ffiLT@ 
tf, i8ifi*iS7 9affilC^LTt/^So 
10 [Oil 2] C(DS««ig7 2{i, S«7 1 (OiffifcS 
itT% iiM*Kl 0-1 0)mS. ±®(±SP)A^Cffi. J& 
ffi(S5S*f«7 9gH±tc{i*^ffiLTigl.TV^SDffi!!>^C 

[0 1 1 3] ^ LT. att«jg7 20»C«. nSA 

1 GaN^'^-y K^7 3, InGaNgtt«74. 

A 1 GaN^^-y KJi7 5, p^G a N4^-Vy7'H7 6 

*m{fMo c V DK:<toTi«^tcaa^nTv^5o 

[0 1 1 4] ^LT> Afttt«^3i7 2CHiJffi(D-ffi<D 
pSGaN++-y:/S7 60«ffitC{i. Ni/AuA^?) 
20 5:5pffi«fii7 7*^fi!t?nTl^So C01|!|S7 7CiX 

vy-^ffim^rjiX^xi^^o ^tc. i±icmmt 

n/cnSG a N»8 0±CDKS*f^7 9(0-gl5tCti?L*^ 
r»W?.nTnSGaNg8 0A^SmLT*30. COgP^ 
{CT i /A I A^e,^^ ntiM®7 8*^>gfig$nTI/-'5o 
S/i:. a««jS7 2£D±ffifcaS1S3g7 3. 7 4, 7 

5. 7 en^micii. m^msm^m^f^tix^^^o 

[0 115] 01 3©¥««*^7^?T*{i, «@7 7, 

7 8fC«}5lt^aA-rSCi:{c<i:Ds InGaN}gtt«7 
4 ©IgTtffiMA^ U C ffiTJ^fig^ nfcA^S4^«jg 

30 7 2(o±mtmmti)^^mstrs-Dxiy-mmL. ^ 

[0 1 1 6] 01 3<D«fig«^J{C*3(/^T, ttt»c«^7 2 
«s 01 2(D«fi£0!li:lR)mc, GaNM8 0±tCiSSIt 
»7 9^)«)lL/cm, 7*hyVi'*^7-<-f:7-y^ 
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